Variation in the concentrations of Ba, Sr, Li and Rb during weathering was investigated . Sample suites were collected from the selected outcrops on granodiorite masses in Okushiri island and Imagane district of southwestern Hokkaido on the basis of a five weathering-degree scale, fresh rock to highly altered disintegrated products(masa).
Introduction
A large number of works on variations in major chemical elements and alteration processes of constituent minerals in granitic rocks during chemical weathering has been presented (for example, Smyth, 1913; Butler, 1953; Anderson and Hawkes, 1958; Loughnan, 1962; Kakitani and Kano, 1972; Nakagawa et al., 1972 ; Gilkes et al., 1973; Miura, 1973; Miura and Higuchi, 1974) . However, our knowledge on behavior of the minor elements through weathering processes in silicate rocks is still limited. It is well-known that some trace elements in rock tend to concentrate in particu lar kinds of minerals in crystallization of magma (Mason, 1966) . Concentration changes of such elements in a bulk rock sample would be largely dependent on breakdown processes through weathering of its host mineral(s), It would be possible that the concentration changes of such trace elements during weathering can be utilized as a reasonable measure of decomposition (or survival) degrees of its host mineral(s) in granitic rocks.
Physical properties as well as chemical characteristics of granitic rocks vary as weath ering proceeds. Tateyama et al. (1980) report ed that compressive strength reduced to one sixtieth in plagioclase separated from granitic rock from the initial stage to the last stage of weathering, whereas it showed only one half in orthoclase and no changes in quartz. It is presumable that the physical properties of biotite largely vary with an increase in weath ering because of a sensitive mineral to transfor (Manuscript received, April 25, 1984; accepted for publication, October 31, 1984) mation by chemical weathering.
The evidence mentioned above suggests that variations in the physical properties of granitic rock by weathering are considerably dependent on the degrees of decomposition (or alteration) of plagioclase and biotite present.
It is hard to quantitatively estimate the decomposition degrees of each constituent mineral in rock by means of X-ray analysis without mineral separation. A simple method for an estimate of the decomposition degrees of minerals present is of benefit to a study of weathering effects on both physical properties and chemical characteristics of granitic rocks.
In this work, weathering effects on variations in Ba, Sr, Li and Rb concentrations and their relationships with the disintegration degrees of major constituent minerals in granitic rocks are analyzed. Twelve weathering profiles developing on granitic rock masses in the districts of Okushiri island and Imagane, southwestern Hokkaido were selected for our studies.
Sample materials from selected weathering profiles A series of a fresh rock and its weathered products were collected from twelve outcrops of granitic intrusions in the districts of Okushiri and Imagane, southwestern Hokkaido. There are three major bodies in the Imagane district whose petrographic compositions are biotitehornblende granodiorite with minor variations in modal composition (Sato and Shirahata, 1965) . The geologic outline of this area and petrographic characteristics of the fresh and weathered facies of the granodiorites were already described by the present authors (Shirahata and Suzuki, 1976) . Geology of Okushiri island was reported in detail by Suzuki and Sonoki (1935 ; 1936) , and recently by Hata (1976) . A study on the macroscopic characteristics of rock-alteration observed on the weathering profiles of the Okushiri granodiorite will appear elsewhere. Sampling for the study was carried out at 7 weathering profiles developed on the three rock masses in the Imagane district and at 5 profiles in Okushiri island (Shirahata et al., 1982) (Fig. 1) . Each weathering suite of the rock samples was collected on the basis of the five weathering-degree scale that was defined from macroscopic characteristics of rock and its resistability against hittings with a rock-hammer : fresh, slight weathering, moderate weathering, high weathering and highly altered disintegrated products (masa) (Shirahata, 1975; Shirahata and Suzuki, 1976 Simplified the geologic maps of the Imagane district (Shirahata and Suzuki, 1976) and Okushiri island (Hata, 1976) . Okushiri island Cape Akaishi Onkouta Chikarazawa bashi, Nagahama Okakari-ishi Imagane district Toshibetsu 1 : Road cut along Toshibetsu river, 3.2 km north of Pirika Toshibetsu 2 : Road cut along Toshibetsu river, 3.7 km north of Pirika Toshibetsu 3 : Road cut along Betanu river, 0.5 km from the junction of Betanu river and Toshibetsu river Imagane 1 : Road cut along Tanekawa river, 5 km north of Tanekawa Imagane 2 : Road cut along Tanekawa river, 5.4 km north of Tanekawa Tanekawa 1 : Road cut along Tanekawa river, 11 km NNE of Tanekawa Tanekawa 2 : Road cut along Tanekawa river, 11.2 km NNE of Tanekawa stock sample solution such that the K concentration of the final solution was to be 5,000 ppm. The standard addition technique was applied to the Li analysis because interference effects still remained significant even if a large quantity of Ca was added to a Li aliquot to eliminate them, as reported by Terashima (1971) . Teflon and glass laboratory wares were soaked preliminarily in two acid baths, in each for a week first, in (1+1) HNO3 of reagent grade and then in 10% HNO3 of ultra-pure reagent grade. Hydrofluoric and nitric acids used were doubly purified by means of sub-boiling techniques from commercial reagents of ultra-pure grade in a clean laboratory at Muroran Institute of Technology.
The standard solutions for two metals and potassium buffer solution were made from pure reagents (Merk Suprupur) of RbCI, LiCI•HZO and KC1, respectively. The sample materials and laboratory wares were handled with polyethylene gloved hands throughout analytical procedures which were performed in a semi-clean laboratory with a clean bench where filtered air is circulated. It X-ray fluorescence spectrometry was adopted for the quantitative analyses of Ba and Sr in the sample. To lower the matrix interferences due to X-ray radiation from major constituent elements within the sample materials, various working standards for Ba concentration measurements were prepared each a mixture of Si02, A1203, Fe203, CaCO3, MgCO3, Na2CO3 and K2C03 with a desired amount of Ba (as BaC12 (Miura, 1973) for an any weathered granitic rock sample to a value of D.F. for its fresh host rock sample. The D.F. is expressed as the ratio of the sum of divalent metals and alkalies to the sum of trivalent metals and combined water, present in granitic rock. The mole ratio, mole (OaO+Na20+K20)/mole A1203, whose petrographic significance was asserted by Miyashiro and Kushiro (1975) , has been utilized as a reasonable index for chemical weathering degree of granitic rock (Shirahata, 1975; Shirahata and Suzuki, 1976 Harrison, 1934; Goldich, 1938; Brewer, 1964; Nam and Taneda, 1974) . Sen et al. (1959) revealed that plagioclase was a major reservior for strontium and K-feldspar for barium in granitic rocks. Hinkley's work (1975) , which was carried out by means of isotope dilution mass spectrometry with ultra-clean laboratory techniques, demonstrated that Sr in quartz monzonite from the Thompson Canyon, Sierra Nevada was almost entirely bound in plagioclase, whereas Ba resided in microcline. Variation in these metal contents in the sample series is in harmony with those (Shirahata, unpub. data) of Ca and K, respectively. These facts strongly suggest that Sr favors plagioclase over K-feldspar present in the granodiorite examined here, and that a relatively large amount of Ba exists in K-feldspar.
In fact, variations in Sr concentration in four weathering suites from the Imagane district are consistent with those in X-ray diffraction intensities from the selected (040)-plane of plagioclase of the same sample suites (Fig. 10) . This evidence reveals that the amount of Sr removed from granitic rock by weathering is proportional to the degree of decomposition of plagioclase feldspar.
It is hard to recognize a distinct relation between Ba contents in the four Rb enrichment in weathering products through progressive alteration was also observed in the Okushiri samples (Fig. 9) . In granitic rocks lithium tends to concentrate in biotite (Carlos, 1973) but not in hornblende (Carron and Lagache, 1971 in Smith, 1974) . Many analytical data compiled by Smith (1974) lead us to consider that insignificant amounts of this metal reside in feldspars is present. Consequently, the removal of Li from its host rock is expected to be directly subject to alteration of biotite by weathering.
This statement is supported by the fact that there is a strong correlation between the variation in Li concentration and the intensity changes of X-ray diffraction at 3.36A and 2.OOA from biotite taken from samples of each weathering stage of the Imagane suites (Fig. 11) . Fig. 11 also implies that the fluctuations in Li concentrations in the sample suites are attributed to the irregular survival of biotite in the course of weathering. Rubidium would be distributed in potassium-bearing minerals because its ionic radius is very close to that of K. It is evident that a large proportion of Rb is found in K-feldspar (80% of Rb in whole rock sample) but much smaller one in biotite (16% of Rb in whole rock sample) in quartz-monzonite (Hinkley, 1975) , although Sen et al. (1959) reported that in Rubideau granite biotite has Rb content almost three times higher than coexisting K-feldspar . It is difficult to give any positive statement on the relation between the Rb contents in the bulk rock samples and the X-ray diffraction intensities from both K-feldspar and biotite, whereas we can claim that Rb in the K-feldspar varies with the degree of disintegration by weathering of this mineral.
The evidence suggests that a portion of Rb content released from its host minerals by weathering are refixed on micaceous minerals into which plagioclase has transformed (McLaughlin, 1955; Harriss and Adams,' 1966; Shirahata, 1975) . The behavior of Sr during weathering is almost entirely due to disintegration processes of plagioclase which is a principal reservior for Sr in granitic rocks.
2. No distinct tendency was observed on the variation of Ba concentrations due to weathering. Although Ba is expected to act in accordance with K in the course of decomposition of the granitic rocks investigated, it was hard to recognize a distinct relationship between variation in the Ba concentrations and the degree of survival of both K-feldspar and biotite during weathering.
3. From the initial to the middle stage of weathering, Li contents obviously depleted in the sample sequences studied, but it slightly the disintegration (or survival) degrees of respective host minerals, plagioclase and biotite present in granitic rocks, during chemical weathering. 
